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© Sound waves from a plate-shaped acoustic 
source, which generates fundamental waves (sound 
waves) having at least two frequencies, propagate 
through a propagating portion. The propagatmg por- 
tion consists of a medium in which a non-linear 
interaction is induced by the fundamental waves. A 
secondary sound wave having a frequency conform- 
ing to the difference between the two fundamenta 
waves is generated by the medium. Fundamental 
wave components other than the secondary sound 
wave are absorbed by an acoustic absorber so that 
only the secondary sound wave is delivered as an 
output The acoustic source, propagating portion and 
acoustic absorber are substantially transparent and 
stacked in three layers. This allows the resulting 
acoustic output device to be incorporated in the 
display unit of an electronic apparatus. 
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BACKGROUND OF THE INVENTION 

1. Field of the Invention: 

This invention relates to an acoustic output s 
device having ultradirectivity, as well as an elec- 
tronic apparatus using this device. More particu- 
larly, the invention relates to an acoustic output 
device for realizing a man-machine interface by 
sound waves, as well as an electronic apparatus i 
using the device. 

2. Description of the Related Art: 

An electronic apparatus is known in which var- 1 
ious indications and messages are provided as 
outputs not only by an indicator such as a display 
but also in the form of audio. However, when an 
electronic apparatus of this kind is used in an office 
or the like, the audio is an annoyance to those in 
the vicinity and therefore the operator is required to 
use a headphone or earphone. 

When the headphone or earphone is used, 
however, the operator cannot hear other sounds, 
such as the ringing of a telephone. In addition, 
wearing a headphone at all times is bothersome 
and does not allow good operability. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide 
a compact, ultradirective acoustic output device 
and an electronic apparatus using the same, 
wherein the device is capable of realizing an 
acoustic man-machine interface without requiring 
the use of an earphone or the like and without 
annoying individuals in the vicinity. 

Another object of the present invention is to 
provide an acoustic output device having a very 
high directivity. 

Still another object of the present invention is 
to provide an acoustic output device capable of 
being made very thin so as to fit compactly in an 
electronic apparatus. 

A further object of the present invention is to 
provide an acoustic output device capable of being 
integrated with an information device without result- 
ing in an information device of large size, wherein it 
is possible to realize the ultradirectivity possessed 
by a parametric speaker. 

Yet another object of the present invention is to 
provide an electronic apparatus having an interface 
in which the apparatus and an acoustic output 
device exhibiting ultradirectivity are combined so 
that only the operator can hear an emitted sound 
and not other individuals in the vicinity. 

Another object of the present invention is to 
provide an electronic apparatus in which a more 



user-friendly man-machine interface is realized, 
wherein the operator need no longer be bothered 
with use of an earphone or the like as in the prior 
art. . 

A further object of the present invention is to 
provide an electronic apparatus having an acoustic 
interface in which a speaker portion is constructed 
using a transparent member, thereby making it 
possible to use the speaker portion by incorporat- 

i ing it in the display of the electronic apparatus, 
wherein sound is capable of being transmitted sole- 
ly to the operator so as not to disturb others by 
unnecessary sounds. 

Other features and advantages of the present 

; invention will be apparent from the following de- 
scription taken in conjunction with the accompany- 
ing drawingsr in which like reference characters 
designate the same or similar parts throughout the 
figures thereof. 

° BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is an external perspective view showing 
the construction of a speaker according to a first 

5 embodiment of the present invention; 

Fig. 2 is a diagram for describing the principles 
of the speaker according to this embodiment; 
Fig. 3 is a block diagram showing the construc- 
tion of a speaker and its drive unit according to 

jo this embodiment; 

Fig. 4A is a diagram showing the construction of 
a speaker according to a second embodiment of 
the invention; 

Fig. 4B is a diagram showing a modification of 
35 the speaker according to the second embodi- 
ment of the invention; 

Fig. 5 is a perspective view schematically show- 
ing the construction of an acoustic source ac- 
cording to a third embodiment; and 
40 Fig. 6 is a block diagram showing an example in 
which a speaker according to this embodiment 
is incorporated in an electronic apparatus. 

DESCRIPTION OF THE PREFERRED EMBODI- 
45 MENTS 

Before giving a detailed described of preferred 
embodiments of the invention with reference to the 
accompanying drawings, the construction and prin- 
so ciples of a parametric speaker employed in the 
invention will be described in accordance with Fig. 
2. 

When two sound waves SW1 and SW2 having 
different frequencies fi and f 2 , respectively, are 
55 emitted by an acoustic source 10 toward a specific 
propagating medium, as shown in Fig. 2, the two 
sound waves SW1 and SW2 interfere with each 
other to produce so-called beats 21 , in which the 
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amplitude varies periodically. The frequency of the 
resultant carrier wave is (f, +f 2 )/2, and the fre- 
quency of the amplitude-modulated wave 22 cor- 
responding to the beats is represented by (fi-f2)/2 - 
(where fi > f 2 )- » the waveforms of the two sound 
waves SW1 and SW2 both have sufficiently large 
amplitudes, the resultant secondary waveform of 
Fig. 2 will gradually become distorted, as indicated 
by a secondary-wave acoustic source area 20, until 
it is finally extinguished while a sound wave 
(hereinafter referred to as a difference tone) 23 
having a frequency corresponding to (fi-f2> is pro- 
duced. 

This phenomenon arises owing to a non-linear 
interaction induced by the non-linear substance of 
a medium 20A, which forms the secondary-wave 
acoustic source area 20, while the two large-am- 
plitude sound waves SW1 and SW2 emitted by the 
acoustic source 10 propagate through the medium 
20A. Thus, the medium 20A (the secondary-wave 
acoustic source area 20) serves as a virtual acous- 
tic source that produces the difference tone 23 
whose frequency corresponds to the difference be- 
tween the frequencies fi and f 2 . Let the sound 
waves SW1 and SW2 be referred to as primary 
waves and let the difference tone 23 be referred to 
as a secondary wave. As long as the influence of 
the aforementioned non-linear interaction continues 
between the primary waves SW1 and SW2, the 
secondary-wave acoustic source area 20 will func- 
tion as the virtual acoustic source of the difference 
tone 23 until the amplitudes of the primary waves 
SW1 and SW2 attenuate to linear wave motion 
having an infinitely small amplitude. More specifi- 
cally, the virtual acoustic source of a very long 
propagation distance, or in other words, a series of 
waveforms having a very long propagation dis- 
tance, is formed in the medium 20A. Therefore, 
even if the frequency of the difference tone 23 is 
low, a very high directivity will be obtained. 

Fig. 1 is an external perspective view showing 
an acoustic output unit (a speaker) 100 according 
to a first embodiment of the present invention to 
which the above-described principles are applied. 
Numeral 10 denotes the acoustic source, which is 
formed as a flat plate, for generating sound waves 
having a plurality of different frequencies. Numeral 
2 denotes an area (referred to as a propagating 
portion hereinafter) corresponding to the secon- 
dary-wave acoustic source area 20 (medium 20A) 
for bringing about the above-mentioned non-linear 
interaction between the sound waves emitted by 
the acoustic source 10. Numeral 3 denotes an 
acoustic absorber that absorbs the primary waves 
(SW1, SW2), in the sound waves emitted by the 
acoustic source 10, that do not contribute to gen- 
eration of the secondary wave. 



The acoustic source 10 is formed from a trans- 
parent piezoelectric material such as polyvinylidene 
fluoride resin (PVDF) copolymer. Further, with re- 
gard to the propagating portion 2, an ideal material 
5 for the medium is a material such as transparent 
silicone gel having such a characteristic that in- 
duces the non-linear interaction with respect to 
sound waves. Furthermore, the acoustic absorber 3 
can be formed from a material such as transparent 
70 acrylic resin having such a characteristic that the 
primary waves can be absorbed sufficiently. 

In Fig. 1, the direction of the arrow indicates 
the direction in which the sound waves propagate 
as well as the direction of elongation of the propa- 
15 gating portion 2, which consists of an aromatic 
polyester or the like. The primary sound waves 
corresponding to the frequencies fi and h are 
emitted by the acoustic source 10. The difference 
(fi-f 2 ) between these frequencies is set to the au- 
20 dible region. For example, if fi is set to 50 KHz and 
f 2 to 45 KHz, the secondary wave (fi-f 2 ) will be 5 
KHz. When the sound wave of a primary wave is 
emitted by the acoustic source 10, the primary 
wave basically propagates through the propagating 
25 portion 2 while maintaining a spread of 360°. At 
this time, a primary wave remaining within the 
propagating portion 2 without contributing to gen- 
eration of the secondary wave of the difference 
tone 23 is absorbed by the acoustic absorber 3. 
30 Accordingly, superfluous sound will not propagate 
externally of the acoustic absorber 3. 

The propagation characteristic of the propagat- 
ing portion 2 (medium 20A) in the acoustic output 
unit 100 according to this embodiment will now be 
35 described in greater detail. 

In order to readily bring about the non-linear 
interaction between the primary waves in the prop- 
agating portion 2, the latter is made of an aromatic 
polyester. The latter uses a monomer such as 
40 aromatic diol, aromatic dicarboxylic acid or 
hydroxy-carboxylic acid as a methogen radical. It is 
known that the anisotropy of the elastic constant of 
aromatic polyester becomes greater in the direction 
of elongation owing to the stretching of the polyes- 
45 ter. This means that the velocity at which sound 
propagates rises sharply in the direction of elonga- 
tion. Further, owing to the higher velocity of propa- 
gation of sound waves in the propagating portion 2, 
the waveforms of the sound waves themselves are 
so readily distorted, as a result of which the non-linear 
interaction readily occurs. It should be noted that 
the same effect can be obtained even if a material 
such as PE (polyethylene) or (PVDF) poly- 
vinylidene fluoride resin is employed instead of the 
55 aromatic polyester. 

Fig. 3 is a block diagram showing the construc- 
tion of the parametric speaker 100 and its drive 
unit according to this embodiment. Portions iden- 
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tical with those shown in Fig. 1 are designated by 
like reference numerals and need not be described 
again in detail. 

In Fig. 3, numeral 7 denotes a power supply 
that supplies power to drive the speaker 100. Nu- 
meral 8 denotes an oscillator for generating pulses 
having the frequencies f,. f 2 that decide the fre- 
quencies of the sound waves emitted by the acous- 
tic source 10. A drive circuit 9, which receives 
power from the power supply 7, is provided with 
the pulses from the oscillator 8 as an input signal 
and drives the acoustic source 10 in conformity 
with the frequency of the input. As a result, the 
acoustic source 10 issues the sound waves (pri- 
mary waves) having the frequencies f, , f 2 . A sound 
wave 6 having a very high directivity is outputted 
by the speaker 100 according to this embodiment. 

Figs. 4A and 4B are diagrams showing the 
construction of acoustic output units 100a, 110b, 
respectively, according to a second embodiment of 
the invention. Numeral 12 in Figs. 4A and 4B 
denotes a propagating portion. In both cases the 
propagating portion 12 is formed to have the shape 
of a convex lens. More specifically, the central part 
of the propagating portion 12 on the side of an 
acoustic absorber (13a in Fig. 4A and 13b in Fig. 
4B) is formed to have a smooth projecting portion 
defining the shape of a convex lens. As a result, 
sounds wave which propagate within the propagat- 
ing portion 12 are emitted while being concentrated 
in the central part thereof in a highly efficient 
manner. It should be noted that the acoustic ab- 
sorber 13a may be formed to cover the propagat- 
ing portion 12 with a uniform thickness, as shown 
in Fig 4A. Alternatively, the acoustic absorber 13b 
shown in Fig. 4B may be adopted, in which the 
outer surface thereof is formed to be flat. 

Fig. 5 is a perspective view schematically 
showing the construction of an acoustic source 10a 
according to a third embodiment of the invention. 

In this embodiment, the acoustic source 10a is 
formed in its entirety from a material such as PVDF 
copolymer exhibiting transparency and a piezoelec- 
tric property. One face of the acoustic source 10a 
is provided with positive electrodes in staggered 
fashion, and the other face of the acoustic source 
10a is provided negative or ground electrodes also 
in staggered fashion. As a result, in the case of this 
embodiment, two types of sound waves having 
different frequencies can be produced between op- 
posing electrodes. Specifically, numerals 21 A. 21 B 
denote two positive electrodes disposed in stag- 
gered fashion on one face of the acoustic source 
10a. say the face on the side of the propagating 
portion (2 or 12), in such a manner as to be spaced 
apart a prescribed distance. Numerals 31 A, 31 B 
denote two negative electrodes disposed in stag- 
gered fashion on the other face of the acoustic 



source 10a in the same manner. 

Fig 6 is a block diagram showing an example 
in which the parametric speaker 100 (100a. 100b) 
according to this embodiment is used in an elec- 
5 tronic apparatus in combination with a display unit 
101 of the electronic apparatus. 

The display unit 101 in Fig. 6 is a CRT or 
liquid-crystal eel! and is combined with the speaker 
100 so as to be overlapped thereby. The speaker 
jo 100 (100a, 100b) is a parametric speaker. Numeral 
201 denotes an information processor for overall 
control of the electronic apparatus. The information 
processor 201 outputs an audio signal, which is 
delivered to the speaker 100, to an audio signal 
is processor 203, and outputs display data, which is 
to be displayed on the display unit 101, to a video 
signal processor 202. The audio signal processor 
203 drives the speaker 100 in accordance with a 
command from the information processor 201, 
so thereby producing audio. The video signal proces- 
sor 202 causes the display unit 101 to display 
various data in accordance with a signal from the 
information processor 201 . 

By adopting this arrangement, the sound or 
25 audio (audio signal) produced by the parametric 
speaker 100 has a very high directivity, as men- 
tioned above, and therefore cannot be heard by 
anyone other than the operator who is operating 
the electronic apparatus while directly facing the 
30 display unit 101. Furthermore, it is possible to 
provide an interface based upon sound or audio 
that can be exchanged between the operator and 
the electronic apparatus, as well as an electronic 
apparatus having an improved man-machine inter- 
35 face. The distance over which the audio signal can 
be heard is capable of being adjusted as by a 
volume control (not shown) provided on the audio 
signal processor 203. However, it is preferred that 
the distance reached by the sound be approxi- 
40 mately twice the distance over which characters or 
the like displayed on the display unit 101 can be 
read. 

In the above-described embodiments, a case is 
set forth in which two sound waves having different 

45 frequencies are generated by the acoustic source 
10 or 10a. However, it goes without saying that the 
number of fundamental frequencies is not limited to 
two; it is possible to produce the secondary-wave 
acoustic source by the non-linear interaction in the 

so same manner using more than two frequences, 
and sound waves having ultradirectivity each be 
outputted in space. 

The present invention can be applied to a 
system constituted by a plurality of devices or to 

55 an apparatus comprising a single device. Further- 
more, it goes without saying that the invention is 
applicable also to a case where the object of the 
invention is attained by supplying a program to a 
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system or apparatus. 

In accordance with the embodiments of the 
invention as described above, a speaker having a 
very high directivity can be provided. 

Further, by combining the speaker and an elec- 5 
tronic apparatus, it is possible to provide an inter- 
face in which only the operator can hear an emitted 
sound and not other individuals in the vicinity. 

Moreover, since the speaker of the embodi- 
ments can be made very thin, the speaker can be n 
fit compactly in an electronic apparatus. 

Further, it is possible to realize a more user 
friendly man-machine interface, wherein the oper- 
ator need no longer be bothered with use of an 
earphone or the like as in the prior art. ' 

Further, since the speaker is constructed using 
a transparent member, the speaker can be used 
upon being incorporated in. say, the display unit of 
an information apparatus or the like. This makes it 
possible to provide an electronic apparatus having i 
an acoustic interface in which sound is capable of 
being transmitted solely to the operator so as not 
to disturb others by unnecessary sounds. This is 
particularly useful in an information apparatus of 
the type that outputs audio. 

Examples of the electronic apparatus to which 
the present invention applies are information pro- 
cessing apparatus such as personal computers and 
word processors, game machines, telephones and 
the like. . t . 

Further, the speakers (acoustic output units) 
described in the first through third embodiments 
may be employed as the acoustic output unit of the 
electronic apparatus according to this invention. 

The acoustic source 10a shown in Fig. 5 can 
be combined with the acoustic output devices of 
both the first and second embodiments. 

As many apparently widely different embodi- 
ments of the present invention can be made with- 
out departing from the spirit and scope thereof, it is 
to be understood that the invention is not limited to 
the specific embodiments thereof except as de- 
fined in the appended claims. 

Claims 

1 An acoustic output device comprising: 

an acoustic source for generating sound 
waves having at least two different frequencies; 

a sound-wave generator for propagating 
sound waves from said acoustic source and 
generating a sound wave having a frequency 
conforming to a difference between said dif- 
ferent frequencies; and 

an acoustic absorber provided on a sound- 
wave output side of said sound-wave generator 
in order to absorb sound waves from said 
acoustic source. 



2 The device according to claim 1 , wherein said 
sound-wave generator is an elastomeric body 
of a polymeric material exhibiting structural 
anisotropy, said elastomeric body having an 
elongation direction that substantially coincides 
with a direction in which the sound waves 
propagate. 

3 The device according to claim 1, wherein said 
acoustic source is stacked with said sound- 
wave generator and said acoustic absorber. 

4. The device according to claim 1 , wherein said 
acoustic source has the shape of a flat plate. 

5 The device according to claim 1. wherein a 
boundary surface at which said sound-wave 
generator and said acoustic absorber are 
stacked is formed to be a convex surface with 
respect to said acoustic source. 

6 The device according to claim 5, wherein said 
acoustic absorber has a substantially uniform 
thickness. 

7. The device according to claim 5, wherein said 
acoustic absorber has a thickness that con- 
forms to said convex surface in such a manner 
that a surface on a side opposite said bound- 

3 ary surface is flat. 

8. The device according to claim 1, wherein said 
acoustic source has both surfaces thereof pro- 
vided with electrodes for generating sound 

5 waves having at least two frequencies, said 

electrodes each being arranged in mutually 
staggered fashion. 

9. The device according to claim 3, wherein said 
(0 acoustic source, said sound-wave generating 

unit and said acoustic absorber are transpar- 
ent. 

10. An acoustic output device for inducing a non- 
45 iinear interaction by introducing two sound 

waves having different frequencies emitted as 
fundamental waves by an acoustic source, and 
outputting a secondary wave corresponding to 
a beat frequency, comprising: 
50 a plate-shaped acoustic source for gen- 

erating at least two of the fundamental waves; 

a propagating portion comprising a me- 
dium in which said non-linear interaction is 
induced by the fundamental waves introduced 
55 from said acoustic source; and 

an absorber capable of absorbing funda- 
mental wave elements other than said secon- 
dary wave formed via said propagating portion; 
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. nnr electrodes each being arranged in mutually 

said acoustic source, said Plating por^ e 
tion and said absorber being stacked and stagg 



made of transparent materials. 

11 The device according to claim 10, wherein a 5 
" boundary surface at which said propagating 

portion and said absorber are stacked is 
formed to be a convex surface with respect to 
said acoustic source. jq 

12 The device according to claim 10, wherein said 
" device is integrated with a display un.t pos- 
sessed by an electronic apparatus. 

13. An electronic apparatus comprising: 15 
a display unit having an upper surface; 
an acoustic output device arranged on said 
upper surface and including: 

an acoustic source consisting of a sub- 
stantially transparent member for generating 2c 
sound waves having at least two different fre- 
quencies; 

a substantially transparent sound-wave 
generator for propagating sound waves from 
said acoustic source and generating a sound 2: 
wave having a frequency conforming to a dif- 
ference between said different frequences; 

and ... ,. 

a substantially transparent acoustic ao- 
sorber provided on a sound-wave output side s 
of said sound-wave generator in order to ab- 
sorb sound waves from said acoustic source; 

audio signal generating means for output- 
ting an audio signal to said acoustic output 
device; and 

display means for displaying display data 
on said display unit. 

14 The apparatus according to claim 13, wherein 
a boundary surface at which said sound-wave 
generator and said acoustic absorber are 
stacked is formed to be a convex surface with 
respect to said acoustic source. 

15 The apparatus according to claim 14, wherein 
' said acoustic absorber has a substantially um- 

form thickness. 

16. The apparatus according to claim 14. wherein 
said acoustic absorber has a thickness that 
conforms to said convex surface in such a 
manner that a surface on a side opposite sad 
boundary surface is flat. 

17 The apparatus according to claim 13. wherein 
said acoustic source has both surfaces thereof 
provided with electrodes for generating sound 
waves having at least two frequencies, said 



6 



EP 0 599 250 A2 



F I G. 




EP 0 599 250 A2 




8 



^.MSITOCID <EP 05992 50A2_ I_> 



EP 0 599 250 A2 




EP 0 599 250 A2 




^.MSDOCID- <EP ^J>S9BeS0A2_L 



EP 0 599 250 A2 



FIG. 5 
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© Sound waves from a plate-shaped acoustic 
source (10), which generates fundamental waves 
(sound waves) having at least two frequencies, prop- 
agate through a propagating portion (2). The propa- 
gating portion (2) consists of a medium in which a 
non-linear interaction is induced by the fundamental 
waves. A secondary sound wave having a frequency 
conforming to the difference between the two fun- 
damental waves is generated by the medium. Fun- 
damental wave components other than the secon- 
dary sound wave are absorbed by an acoustic ab- 
sorber (3) so that only the secondary sound wave is 
delivered as an output. The acoustic source (10), 
propagating portion (2) and acoustic absorber (3) are 
substantially transparent and stacked in three layers. 
This allows the resulting acoustic output device to be 
incorporated in the display unit of an electronic ap- 
paratus. 
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